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SUMMARY 



Four models of outboard floats (N.A.C.A. models 51-A, 
51-3, 51-C, and 51-D) were tested in the N.A.C.A. tank to 
determine their hydro dynamic characteristics and in the 
20-foot wind tunnel to determine their aerodynamic drag* 
The results of the tests, together with comparisons of 
them, are presented in the form of charts. From the com- 
parisons, the order of merit of the models is estimated 
for each factor considered. 

The "best compromise "between the various factors seems 
to he given by model 51-D. This model is the only one in 
the series with a transverse step. 



The conventional single-float or single-hull seaplane 
is not inherently stable about its longitudinal axis when 
operating on the water at low speeds or when at rest, and 
an external means for maintaining lateral stability on the 
water must be provided. The usual method of obtaining the 
required lateral stability is the use of stub-wing stabi- 
lisers, or side floats. Side floats are usually of two 
types, inboard and outboard, according to their position 
relative to the main hull or float.. In practice, there is 
a more specific difference between the two types of side 
float because it is customary to place outboard floats so 
that they arc clear of the water when the main float of 
the seaplane is on an even keel; whereas inboard floats 
usually are set so that, when the seaplane is at rest, 
both inboard floats have a small amount of displacement 
and tend to maintain the craft on an even keel. 



INTRODUCTION 
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The actual method to "be used for providing lateral 
stability on the water will oe selected by the designer to 
suit his conditions. Sometimes the choice is the result 
of a detailed design study and, in order to make such a 
study, data on "both side floats and stub-wing stabilizers 
are definitely needed. Numerous requests from manufactor- 
ers and from the Bureau of Aeronautics, Navy Department, 
have caused the N.A.C.A. to institute a research program 
in which it is intended to include "both tank and wind- 
tunnel tests on inboard floats, outboard floats, and stub- 
wing stabilizers. 

This paper presents the results obtained from tests 
conducted in the N.A.C.A. tank and the 20-foot wind tunnel 
at Langley Field, 7a., of four models of outboard floats 
(Jff.A.O.A. models 51-A, 51-B, 51-0 1 and 51-D). The tests 
were made in March and April 1936. 



MODELS 



Three of the models selected for testing were made 
from lines furnished by the Bureau of Aeronautics, Navy 
Department. The lines of the fourth model were prepared 
at the N.A.C.A. tank, but the model resembles a type some- 
times used in Europe. The lines of the models are shown 
in figures 1 to 4 and the offsets are given in tables I to 
IV. 

Model 51-A is a model of the outboard float of the 
Navy.PH-1 flying boat. This float has fairly simple lines, 
the dead rise is moderate, and the stern is pointed in plan 
form. 

Model 51-B is a model of the outboard float of the 
Navy 03U-3 single-float seaplane. Apparently, this float 
was particularly designed to have low air drag as both the 
bow and the deck are rounded. It is similar to model 51-A 
in plan form but has greater dead rise. 

Model 51-0 was designed at the N.A.C.A. tank. It has 
both rounded bow and deck but tapers in profile instead of 
in plan form so that the center of volume is rather far 
forward. Because of its wide stern and low dead rise, 
this model has an excellent planing surface. 

Model 51-D is a model of the Bureau of Aeronautics 
Mark XI float and is the only one of the floats tested that 
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has a step. The use of the step permits a large planing 
area in combination with a pointed stern and results in a 
comparatively shallow float. 

The models were of approximately the same volume, 
which was chosen to permit testing the models with loads 
corresponding to the submerged displacements. The use of 
larger models would have required alterations in the ex- 
isting testing apparatus in order to. measure the large re- 
sistances, and extensive equipment would have "been neces- 
sary to prevent the salt-water spray thrown up by the mod- 
els from reaching all parts of the apparatus and the tow- 
ing carriage. 

The models were made of wood, sanded, painted, and 
rubbed in the usual manner. 



APPARATUS AND PROCEDURE 
Tank Tests 



The N.AtC&i tank and its carriage are described in 
reference 1. The towing gear used in these tests is de- 
scribed in reference 2. 

The method followed in testing the models was simi- 
lar to the "general test" method in that resistance, draft, 
and trimming moment were measured at selected constant 
speeds, loads, and trims. In the present tests, however, 
the loads were selected to cover a range between zero and 
a load equal to the submerged displacement of the model 
at rest, except in the case of low trims at certain speeds 
where the spray thrown by the model was so great that it 
prohibited testing at the higher loads. The range of 
trims v/as made great enough to include the practicable 
range of trims for seaplanes plus the practicable range of 
out board- float settings. 

All tests were made with the models on an even keel. 
If the outboard floats are rigged so that when they touch 
the water they are heeled slightly inboard, then the range 
of angles of heel for the outboard floats will be so small 
that the data for zero angle of heel should be substantial- 
ly correct. 

Static data were obtained for the models by applying 
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the same loads that were used in the tests under way and 
measuring the draft and trimming- moment.' These data ^vere 
obtained for a number of trims. ' 

Wind- Tunnel" Tests . . 

The aerodynamic tests of models 51-A, 51-B, 5I-C , and 
51-D were made in the 1T.A.C.A. 20-foot wind tunnel de- 
scribed in reference o. -Measurements of air drag were 
made at speeds ranging from 55 to 104 miles per hour, and 
the range of pitch angles covered was approximately -15° 
to 15° measured from the tangent to the after- portion of 
the keel line or, in the case of model -from the keel 

line at the step. 

The floats were mounted inverted on a short vortical 
strut in the center of the air stream. The vertical strut 
was attached to a shielded horizontal supporting oar that 
was rotatahle to provide changes in the angle of pitch, 
A "bout 6 inches of the thin vertical supporting strut was 
exposed to the air stream giving a tare drag of a "bout 
three-fourths pound at 100 miles per hour. The supports 
and shielding were of metal and were connected in an elec- 
trical circuit in such a way that any fouling hetween the 
active strut and the shielding would he detected "by the 
lighting of an electric lamp. Figure 5 shows model 51-A 
mounted in the tunnel. 

A horizontal "buoyancy correction was made to the drag 
to compensate for the static-pressure gradient along the 
center line of the jet. This correction was small, amount 
ing to only one-tenth pound at 100 miles per hour 



RESULTS 
Tank Tests 



The experimental results are presented in nondimen- 
sional form "by the use of coefficients similar to those 
used at the T'.A.C.A. tank for data from tests of models of 
seaplane hulls. Inasmuch as the "basis for the selection 
of the size of an outhoard float is normally the total 
volume of the float, the coefficients used in the present 
tests are "based on the cube root of the volume as the char 
acteristic linear dimension instead of the oeam (the char- 
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acteristic dimension used for seaplane hulls). In order 
to distinguish "between the present coefficients and those 
"based on the beam, the letter K will he used instead of 
the letter C. 

The coefficients used in the present tests are defined 
a s follows : 

S-oeed coefficient, v 

~ "i/ 2 "'" TT l/ 6 



Load coefficient, K 



g i/y u- 



wIJ = A g 



Resistance coefficient, K-n = — s = -r— 

« wu A e 



c . p ■ 



Center-of -pre s sure coefficient, ^ c .-o. = — 

Draft coefficient, K, = r- 

d ^1/3 

where V is the speed, f.p.s. 

g, the acceleration of gravity, ft./soc. 2 
U, the volume of the float, cu. ft, 
A, the load on the float, Id. 



w , 



the specific weight of water, Id./ cu. ft. 
(63.5 lh./cu.ft. for these tests). 



A g , the submerged displacement of the float, lh. 

R, the water resistance, lo. (including the air 
drag of the float). 

d, the draft, ft. (measured to the lowest point 
of the float). 

c.p., distance to the center of pressure, ft., de- 
fined as the distance (measured along the 
tangent to the keel at the stern) from the 
stern to the intersection of the resultant 
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force vector with the tangent to the keel 

at the stern, except in the case of a 

float with a step. If the float has a 

step, the tangent to the keel is taken on 

the forehody at the step and the distance 
to the center of pressure is measured from 
the step instead of the stern. 

The reference line for trim is the tangent to the keel 
at the stern except in the case of a float with a step,, in 
which case the reference line for trim is the tangent to 
the forehody keel at the step. 

The results from the static tests are given in fig- 
ures 6 to 9, in which the cent er-of-pre s sure coefficient 
and the draft coefficient are plotted against load coeffi- 
cient with trim as parameter. 

The data obtained from tests with the models under 
way (i.e., resistance, center-of-pre ssure . ( and draft coef- 
ficients) were plotted against speed coefficient with load 
coefficient and trim as parameters. Because of their 
hulk, these plots of original data" have "been omitted from 
the present report. Typical data are given in the compar- 
isons shown in figures 10 to 19. These figures will he 
discussed later. 

Wind- Tunnel Tests 

The coefficient form used in presenting the final 
data is defined as follows: 

drag D 
= or — ■ 

I T= ( T ol) 2/ = » (TOl) 3 

f _ \ 2 / 3 

where q is the dynamic pressure and (vol J is an 

area equal to the volume of the float raised to the 2/3^ 
power. As was the case for the hydro dynamic coefficients, 
it appeared desirable to use volume as a factor in the co- 
efficient form since displacement is such a fundamental 
factor in float design. 

The corrected values of drag were plotted against dy- 
namic pressure "but, to reduce the hulk of the report, are 
not included herein. Drag coefficients were computed for 
values of drag picked from the curves at a dynamic pressure 
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corresponding to an air speed, of about 80 miles per hour 
and were plotted against pitch angle as shown in figure 
20. This figure provides a comparison of the drag of the 
four floats at pitch angles measured iron the keel lines. 

From purely aerodynamic considerations, figure 21 
gives a truer picture of the relative cleanness of the 
four floats than docs figure 20., In figure. 21, the drag 
coefficients for each model have "been plotted against a 
pitch angle measured from the position of the float in 
which its drag is a minimum,' 

From "both hydro dynamic and aerodynamic considerations, 
the comparison made in figure 20 is perhaps the more prac- 
tical "because the keel 'line of a float is more likely to 
have some reference to its setting relative to the wing 
than its flow line for minimum drag. 



DISCUSSION 
Compar i sons 

B aals of comparisons ■«« The function of outboard floats 
is to provide righting moment s. whenever the seaplane heels, 
whether it is at rest, under way, or drifting. It might 
then "be considered logical to determine which float will 
give the greatest maximum righting moment under these var- 
ious conditions. All outboard floats considered for a 
given design, however, will give the same maximum righting 
moment at rest "because pres.en.t methods of design use this 
righting moment as the criterion for the volume of the 
float. When a seaplane is under way or drifting* compari- 
sons of the maximum righting moments available are of lit- 
tle value "because of the 'lack of information on the right- 
ing moments required for these two conditions. 

Other factors that should affect the design of an 
outboard float will, however, be considered as a basis for 
comparisons between the four models tested. Except in the 
case of air drag, the comparisons will be made at equal 
loads for all the floats. This method 'corresponds to equal 
righting moments for the seaplane since righting moment is 
a function of the load on the outboard f I'd at . 

Another independent variable tlir't will be held con- 
stant for purposes of comparison is trim (or angle of pitch) 
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It is admitted that the reference line chosen for trim was 
determined primarily from geometrical considerations, "but 
no better reference has been suggested by the results from 
the tests. The trim for minimum resistance has only minor 
significance and varies too much to he convenient, the an- 
gle of pitch for minimum air drag is too low to warrant 
consideration, and draft does not consistently show a mini- 
mum when plotted against trim. 

Angle of keel of seaplane,— ?or a given righting mo- 
ment, a minimum angle' of heel of the seaplane would he 
desirable. Draft is the criterion for angle of heel of 
the seaplane because the angle of heel is a direct function 
of the draft of the outboard float. 

Draft coefficient for the four models at rest at 5° 
trim is plotted against load coefficient in figure 10. 
The curves of this figure indicate that greater angles of 
heel will be reached by a seaplane at rest if model 51^A 
or 51~B is used than if either model 51-0 or 51-D is used 
except at the maximum righting moment (or K A = 1 . 0 ) where 
the curve for model 51-C closely approaches the curves for 
models 51-A and 51~B. Model 51-D is the best in this re- 
spect except at small loads. These static curves are pure- 
ly a function of the volume distribution of the floats and, 
if a small angle of heel of the seaplane is desired when 
the craft is at rest, the depth of the float should be kept 
relatively small . 

The draft coefficients, with the models under way, 
are compared in figures 11 to 13 in which draft coefficient 
is slotted against lead coefficient for three speed coef- 
ficients, a representative trim being chosen for each speed 
coefficient. In these figures,, model f;l-C is shown to have 
the least draft, models 51-D, 51-A, and 51-B having pro- 
gressively greater drafts. 

A further comparison of the drafts of the four models 
is made in figure 14, which was obtained in the following 
manner. The volume required for outboard floats for the 
hypothetical 8,000-pound flying boat of reference 4 was 
determined on the assumption that the outboard floats were 
•olaced 21 feet from the center line of the main hull. The 
an^le of outboar d-f 1 cat setting with respect to the base 
line of the main hull was assumed to be 4°. The trim curve 
for the outboard floats was obtained with sufficient accu- 
racy by adding the angle of float setting to the trims 
taken bv the main hull during take-off (fig- 74, reference 
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4). A load coefficient of 0.6 (468 pounds) was assumed to 
"be applied to one oufboard float throughout the take-off 
range and the draft' curve for each of the four nodols test- 
ed was determined from the tost data. figure 14 repre- 
sents, in effect, the draft that would he reached "by the 
down out "board float if the seaplane were taken off with a 
rolling moment, of 9,800 pound-feet acting continuously 
without any righting moment other than that supplied "by 
the' outboard float. 

In figure 15, the drafts from the curves of figure 14 
have "been converted to angle of heel for the seaplane. 
These curves of angle of heel have "been corrected for the 
change in draft of the main hull, the drafts for the main 
hull being determined from figures 21 to 26 of reference 
4. Throughout nearly the entire take-off • range , model 
51-C allows the least angle of heel; models 51-D-, 51-A, 
and 51-B allow progressively greater angles of heel. This 
order is the same as that obtained in the comparisons of 
draft coefficients in figures 11 to 13. The order of mer- 
it of the models in this respect is the order that might 
"be expected from consideration of the bottoms of the mod- 
els. Model 51-C undoubtedly has the most effective plan- 
ing bottom and model 51-D the next best; model 51-A is 
slightly superior to model 51-B because of a smaller angle 
of dead rise. 

There have been cases in which outboard floats were 
unintentionally designed so that, when completely sub- 
merged while making headway, they resisted efforts to 
emerge them. Such cases are usually rectified by a re- 
design of the deck of the floats. Although attempts were 
made to produce this !I sticking" at low speeds with each 
of the models, no indication of sticking was obtained. It 
was not practicable to submerge them at very high speeds, 
however, on account of the excessive spray prodiiced. 

An important consideration in selecting outboard 
floats is the performance when the seaplane is drifting 
astern. It is necessary that the outboard floats maintain 
positive righting moment in this condition as well as any 
other. Because the conditions obtaining when the seaplane 
is drifting astern with any considerable speed usually in- 
clude fairly rough water, it is difficult to approximate 
such conditions in the N,A.C.A. tank with the equipment 
available at present. It is, however, possible to rate 'the 
models in this respect with reasonable accuracy by consid- 
eration of their form's. Model 51-P with the afterbody tend- 
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ing to give dynamic lift when going astern should do the 
"best in this respect. Models 51-A and 51-B with their 
sharp sterns should have little tendency to " dig in 11 when 
making sternway and can he rated ahout equal* Model 51-0 
might he entirely unsatisfactory when making sternway he- 
cause, under this condition, the hydrodynamic forces on 
the float will prohahly 1 1 end to produce an upsetting mo- 
ment tending to" counteract the righting moment produced 
hy the "buoyancy of the float. 

Impact_loads .- Leads on the structure of the seaplane 
caused "by impact of the outhoard floats with the water will 
naturally Be an inverse function of the rate of immersion 
of outhoard floats. The. float that allows the least angle 
of heel of the seaplane will then cause the greatest loads, 
i.e., model 51-B will cause the least load on the struc- 
ture, models 51-A, 51-D, and 51-0 causing progressively 
greater loads." Were it not for the energy required to^c- 
celerate the surrounding water when an outhoard float is 
rapidly immersed, curves similar to figures 11 to 13 could 
he~used in the manner of var iahle-spring constants to find 
the loads imposed on the structure when angular accelera- 
tions ahout the longitudinal axis of the seaplane ^are en- 
countered. The error in neglecting the acceleration of 
the water is, however, on the unsafe sid-e and the degree 
of approximation is uncertain. 

S-DP^y.- The spray thrown hy the outhoard floats is an 
important though elusive factor that must he considered in 
design. Unfortunately it is impract icahle to attempt to 
furnish data from which the designer may determine when 
and where the spray from the outhoard floats will strike 
the rest of the"*" seaplane . The work required to estahlish 
the ■ "boundaries of the spray for the conditions that might 
he determining; is excessive. Furthermore,- the manner in 
which the spray "behaves is not only a function of the shape 
of the float hut also depends on the location of the pro- 
pellers . 

Definite differences in the amount of spray thrown hy 
the models were ohserved in the tests and the models have 
hecn rated accordingly. Model 51-C was the cleanest run- 
ning model, models 51-D, 51-A, and 51-B throwing progress- 
ively more spray. The difference "between amounts of spray 
from models 51-D and 51-A was quite large, hut less differ- 
ence was noted "between model.s 51-C ajid 51-D or hetween mod- 
els 51-A and 51-B. It is difficult to show the actual dif- 
ferences clearly hy means of photographs, partly "because of 
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tne lack cf depth perception; typical photographs taken 
during the tests are shown in figure 22. 

It will he noted that the rating of the models in 
regard to spray parallels the rating in regard to draft, 
the model with the least draft throwing the least spray. 

Yawing moment of s eap lane.- If hen an out hoard float 
touches the water while the seaplane is under way, a yaw- 
ing moment, which is a linear function of the water re- 
sistance of the outboard float, is developed. Yawing mo- 
ments arc generally undesirable during take-off but, when 
tne seaplane is maneuvering on the water, the yawing mo- 
ment furnished by the outboard floats is a distinct aid 
in that it allows short-radius turns at low speeds during 
which the air rudder is relatively ineffective. For the 
purposes of this comparison, however, the yawing moment 
due to the outboard floats will be considered undesirable. 

The resistances of the four models are compared in 
figures 16 to 13 where resistance coefficient is plotted 
against load coefficient for selected trims and speed co- 
efficients corresponding to those chosen for comparisons 
of drafts (figs. 11 to 13). A further comparison of re- 
sistances is shown in figure 19 wnere resistance and yaw- 
ing moment are plotted against speed for the same hypo- 
thetical conditions assumed in tne comparisons of angle 
of heel (fig. 15). A study of figures 15 to 19 shows 
that, although model 51-C consistently has the least re- 
sistance, tne resistances of the other models do not main- 
tain any consistent order. A more consistent order could 
probably be obtained if the models were compared on the 
basis of minimum resistance out the outboard floats will, 
in general, run at a trim somewhat higher thar that re- 
quired for minimum resistance. 

S i gg I i c i t y of s t r u c t ur e . - It is difficult to estab- 
lish an order of merit in regard. to the ease with which 
the floats can be constructed because variations in plant 
facilities and methods of the designer will influence this 
factor. Judging solely from the lines of tne models, it 
appears that model 51-A would be the most easily construct- 
ed; models 51-B and 51-C should be about equal in this re- 
spect; model 51-0 would almost certainly involve the most 
difficulty in construction. 

Air drag,- An examination of the float lines shown in 
figures 1 to 4 would lead one to expect that model 51-B 
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would nave the lowest drag. It is therefore ? 0 rnewhat sur- 
prising to note in. figure 20 that, through the most im- 
portant part of the pitcli-angte range (positive angles), 
model 51-D has a lower drag coefficient than model 51-3. 
This situation is clue to. the fact that the heel reference 
lines, from which oo -gj. trim and pitch angles were measured, 
made different angles witfc the direction of the air flow 
at minimum drag. If the pitch of eacn float is assumed 
to "be 0° when in the attitude of minimum drag, the plotted 
curves of agains.t pitch angle assume a more logical 

relation, as shown in figure 21. The choice of the refer- 
ence line from wnich angles are measured is thus seen to 
have an important effect on such a comparison. 

There seem to be no generally accepted rules in hydro- 
dynamic design regarding tnc angular setting of outboard 
floats relative to the wifcg, It is clear, however, from 
the appearance of the drag curves in figure 2C, tnat , from 
aerodynamic considerations, the angle of pitch setting 
relative to the wing should he made as low as possible. 

In figures 1 to 4, showing the profiles of the four 
models, an arrow has been drawn on each profile to repre- 
sent the direction of the wind relative to the model when 
the model is in the attitude of minimum drag. The line 
of action of the relative wind at minimum drag is such as 
to minimize the bad effects of the various features of the 
design. It therefore reveals, to some extent, the features 
of the design that have the greatest effect on the air 
drag. On model 51-5 (fig. 2) the line lies roughly paral- 
lel to the chine, indicating that the chine probably has 
a predominating effect on the drag of the float. In case 
of float 51-A (fig. 1) the line is directed between the 
chine and the deck line at an angle suggesting that the 
shar-o deck line has more effect on the drag than the chine. 

On float 51-D (fig. 4), the line of action . runs rough- 
ly parallel to the chine, indicating the predominating ef- 
fect of the chine. The step apparently has little influ- 
ence on the drag of the float because the direction of the 
flow is not sttch as to reduce the turbulence behind the 
step. 

Float 51-0 (fig. 3)" has about the same slope of chine 
as float 51-D but, owing to its- wide beaver-tail shape, 
has a considerably higher drag at positive angles of at- 
tack. Tne direction of tnc line of action for float -51-C 
indicates a tendency to reduce trie turbulence caused by 
the wide after portion of the float. 
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Summary of comp aris on^- The results of the foregoing 

comparisons are summarized in the following table, which 
gives tne order of merit for each model on the basis of 
each factor considered. It snould be noted that the rat- 
ings given are based on general considerations and in any 
particular design the order might be somewhat changed. 
The weignting of the factors will vary considerably accord- 
ing to the type of design and to the opinions of tne de- 
signer. 
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i 
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1 




At rest 
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3 
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3 
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Yawing moment 


2 




1 

1 


2 


Structural simplicity 


1 


2 


2 

1 


3 


Air drag 


4 


i 


3 ! 

• 


1 



Use of Tank Jata 

The aerodynamic data indicate that the lowest angle of 
setting for the outboard floats which will give satisfac- 
tory performance on the water is desirable. The data from 
tne tank tests, however, do not suggest a criterion for the 
minimum permissible float setting* From the information 
available, the current practice appears to be to set the 
keel line of the outboard floats approximately parallel to 
the chord line of the wing or at an angle of from 2° to 5° 
with respect to the main hull or float. The data regarding 
spray and angle of heel indicate that model 51-C can be set 
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at the lo-est angle, models 51-D, 51-A, and 51-B, requir- 
ing progressively greater angles of float setting. Appar- 
ently, observation of the "behavior of the outboard floats 
on the completed seaplane is the best method of determin- 
ing the minimum satisfactory angle of float setting. 

The data are insufficient to permit the determination 
of design loads for the supports of the outboard floats. 
The maximum load obtainable from the water resistance of 
the float would occur when the float is completely sub- 
merged at the hignest speed at which the seaplane is on 
the water but the resistance under such conditions would 
be so large that it would be entirely uneconomical to at- 
tempt to design for it. Supports for side floats are cus- 
tomarily designed so that tiie supports will fail before 
the main structure of the Ting is damaged. Because of the 
large 1 oad- car ry ing capacity of the outboard floats at 
high speeds, complete submergence of tiie floats in this 
region" should be rare. In view of these considerations, 
tests with outboard-f loat models submerged at speeds cor- 
responding to full-size take-off speeds appear to be tin- 
warrant ed . 



Float and Hull Design from Aerodynamic Considerations 

The use of airship-form bodies for hulls and floats 
has, for hydrodynamic reasons, been found impracticable. 
Chines and steps seem to be necessary parts of such bodies 
in spite of their bad aerodynamic effects. It should be 
pointed out, however, that floats and hulls are often de- 
signed in such a manner that the bad effects of the chines 
are unnecessarily great. 

It has been shown in reference 5 that the minimum 
drag of a streamline body with square cross sections, such 
as the one m figure 23(b), is but little greater than the 
drag of a streamline body of circular cross sections (fig. 
23(a)) having an equal cross-sectional area. The slightly 
greater drag of the square body was attributed to skin 
friction as the square body had a larger surface area. The 
form drags of the two were apparently very nearly the same 
despite tne sharp corners of the square body. The air as 
it meets the nose of the square-section body is forced to 
accelerate uniformly along all four sides so there is no 
tendency for flow across the sharp corners. The air flow 
forms a symmetrical pattern about the corner lines and they 
do not affect the form drag except at angles of pitch and 
yaw other than zero. 
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?or comparison, consider the air flow about a boat- 
shaped body (fig. 23(c)), which is streamlined in one view 
but rectangular in the other. Here the air is forced to 
accelerate in only two directions and a pressure gradient 
is formed tending to cause the air to flow across the 
sxiarp edges , thus producing turbulence and added drag. A 
quantitative indication of the extent of the bad effect of 
sharp corners across which pressure gradients are operat- 
ing is given in reference 6. In this reference are given 
the drag coefficients for a flying-boat hull with a sharp- 
edge flat deck and for the same hull after the deck cor- 
ners had been given a generous radius of curvature. The 
drag coefficient for the hull with the sharp deck corners 
was about 40 percent greater than the coefficient for the 
hull with rounded deck corners. 

The evidence seems fairly conclusive that , in float 
and hull design, an attempt should be made to eliminate 
adverse pressure gradients tending to cause flow across 
chines. This measure is especially important in the bow 
sections where the air should be caused to accelerate sym- 
metrically with respect to any sharp line. Since such a 
condition can be obtained for only one pitch angle, all 
unnecessary sharp corners should be eliminated. 

Cross-chine flow can be minimized by reducing the an- 
gular setting of the float relative to the wing or by de- 
signing the float with a low natural inclination of the 
chines relative to the longitudinal axis. The problem is 
complicated by the fact that tnese two factors are inter- 
related and also by the fact that no generally accepted 
rules exist which determine the proper setting of the float. 
Both of these methods of reducing cross-chine flow must be 
subordinated to seaworthiness requirements. The second 
method, designing the float with a low natural inclination 
of the chines, is exemplified in the design of float 51-D 
and its effectiveness is shown in figure 20. Moderately 
inclined chines, well-rounded deck lines, a broad beam, a 
step, and a pointed, elevated afterbody seem to be the 
best compromise of a good float design from both aerody- 
namic and hydrodynamic considerations. 
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CONCLUSIONS 



1. Consideration of the factors that should affect 
the design of outboard floats indicates that: 



(a) Any design must "be a succession of compromises 
between the most desirable features. 



(b) Tank tests of a very largo number of models of 

outboard floats do not appear to be warranted 
as tests of a relatively small number of fun- 
damental types should indicate trends with suf- 
ficient accuracy. 

(c) Tiie application of tank data is limited by the 

lack of data as to design requirements for the 
conditions encountered when the seaplane is 
under way. 

2. The tank data from the present tests indicate 

that : 

(a) For minimum spray from the float or angle of heel 
of the seaplane, the planing surface of the 
float should have a wide stern and a low dead 
rise. 



(b) The inclusion of a step, or other equivalent dis- 

continuity, with a properly formed afterbody 
allows the use of a wide planing surface with- 
out sacrificing performance in the drifting 
condi tion. 

(c) The greatest structural loads will be obtained 

from the float with the most effective planing 
surface . 



3. The wind-tunnel data from the present tests in- 
dicate that; 



(a) The float that may be set with its chines most 

nearly in line with the direction of flight in 
cruising is likely to be the best float from 
considerations of air drag. 



(b) All chines or other sharp intersections in the 
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cross section should "be avoided except where 
they are definitely necessary for hydr odynami c 
r oason s . 

(c) In order to obtain low air drag, it is desirable 
that the angle of float setting be as small as 
pract i cable . 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va f , October 18, 1938. 
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TABLE I 

Offsets for N.A.C.A. Model 51-A Outboard Float (Inches) 



Station number 


F. P. 


1/U 


1/2 


1 


2 


3 


4 


5 


6 


| 7 


A. p. 


Distance fron F. ? 


0.00 


1.125 
3.63 


2.25 


4.50 


9.00 


13.50 


IS. 00 


22.50 


27.00 


31.50 


36.00 


Distance 
from base 
line 


Keel 


.80 


U.80 


6.38 

.32 


8.51 

-5" 


9.70 

"96 


10.36 


10.72 


10.86 


10.89 


10.90 


Crown (st. line) 


.00 


.08 


.16 


1.28 


1.59 


1.91 


2.23 


2.55 


Chine 


.80 




1.98 


3.^0 


6.21 


3.07 


9.19 


9.85 


10.20 


10.52 


10.90 


Deck line 


.00 


• 72 


1.0U 


1.U7 


2.01 


2.39 


-.65 


2.79 


2.83 


2. 35 


2.55 


Half- 
breadths 


Deck and chine 


.00 


2.19 


3.06 


U.07 


4.99 


5.22 I k.ss 

i 


U.36 


3M 


2.11 


.00 



TABLE II 



Offsets for N.A.C.A. Model 51-B Outboard Float (Inches) 



Station number 


F.P. 


1/4 


1/2 


1 


2 

' 


3 


4 


5 


, 

6 


. , 

7 


8 


i 

A P 


Distance fr 


om F.P. 


0.00 


1.00 


2.00 


1 

4.00 


8.00 


12.00 


16.00 


20.00 


24.00 


1 

28.00 


32.00 


36.00 


Distance 
from ease 
line 


Crown 


3.28 


1.17 


.62 


.09 


.03 


.25 


.75 


1.42 


2.26 


3.22 


4.22 


5.22 


Keel 


3.28 


5.F1 


6.76 


8.06 


9.66 




10.69 




11.32 


11.75 


12.12 


12,45 


12.75 


13.03 


Chine 


3.28 


3.43 


3.81 


4.78 


6.48 


7.73 


8.69 


9.40 


10.11 


10.87 


11.80 


12.97 


Chine half-oreadths 
and crown radius 


.00 


2.27 


3.14 


4.14 


5.05 


5.30 


5.17 

j 


4.80 


4.19 


3.31 


1.97 


.12 



TABLE III 

Offsets for N.A.C.A. kodel 51-C Outboard Float (Inches) 



Station number 


F.P. 


1/4 


, I 
1/2 


1 


2 


3 


4 


- 

5 


6 


~i 

1 


e 


A. P. 


Distance from P.p. 


0.00 


1.00 


2.00 


4.00 


8.00 


12.00 


16.00 


20.00 


24.00 


28.00 


32.00 


36.00 


Distance 
from base 
line 


Keel 


3.50 
tan. 


6.70 

' 


7.81 


9.08 


10.34 


10.85 


1 

10.98 


io.se 


10.98 


10.98 


10.98 


10.98 


Chine 


3.50 


4.07 



1 ' 

4.63 


5.58 


7.07 


8.14 


8.86 


9.34 


9.67 


9.86 




9.99 


10.05 


Crown 

• 


3.50 
tan. 


1.60 

1 


.94 



.31 


.00 


.34 


1.08 


2.19 


3.62 


5.31 


7.09 


9.00 


Half-breadths , chine 


.00 
tan. 


2.27 

1 


3.14 


4.14 


5.05 


5.30 


5.30 


5.30 


5.30 


5.30 


5.30 


5.30 


Crown radius 


1 


2.27 


2.14 


4.14 


5.05 


5.30 


5.30 


5.30 


r 

5.30 

i 


5.36 


6 0 29 


13.90 



521 
O 



1-3 
CD 
O 

P 

H- 

O 

P 

H 

o 
c* 
o 

&i 
o 



00 



ro 
o 



TABLS IV - Offse ts for II .A.C.A. Model 51-D Outb oard Float (inches) 



Station number 


F.P. 


1 


2 | 3 


H 


5 


6 


7 


S,P. 


3,A. 


9 10 


A. p. 


Dist 


ance froir. F. p. 


0.00 


1.49 


2.97 


>9^ 


s.91 


11. ss 


17. 82 


23. 76 


29.70 


29.70 


—A — — 

35.6^i33.6i 


41.5S 


j Distance from "base line 


Keel 


7.^7 


U.95 


3.77 


2.29 


1.52 


. .9 


.37 


.09 


.00 


,6s 


straight 

1 i no 


2.77 


1 . toj 




6.UU 


5.20 


3-59 




1 no 


1.24 


• 93 


r n 

. Oo 


1.30 


2.41 


2.97 


1 


B2 

2.97 








1 1 r ; v 


3.96 


2*/2 


1.92 


1.55 


1.27 


2.04 


3.09 


1 

1 




33 

4.455 








U.S9 


3.22 


2.35 


1.9S 


I.67 


2.60 








Chine 


7.67 


6. 87 


6.19 


5.01 




3-40 


2.60 


2.10 


1.S0 


2.72 


3.22 


3.34 


? 77 


Side 






6.56 


6,50 




6.37 


6.25 


6.13 


6.06 


6.06 


6.00 


5.9^ 


5.94 


JJcJ UK 


7.67 


6*1*8 


C -7-7 
0.73 


S.91 


5.91 


S.91 


3.79 


S.63 


3.43 


3.43 


o.2y 


1 no 
f .92 




31 




d«i ( 




c -70 


r 1 r?r* 




3.73 


o.bO 


S.35 


S.35 


7.92 


6.99 




B2 
2.97 






5 OR 


0 • Ho 


S.^U 


S.54 


S.35 


S.23 


7.92 


7.92 


' 

5.45 






33 

4.455 




... . ... .. . 




7.1o 
1 


7.67 


7.7^ 


7.61 


7.12 


4.52 


4.52 








w 

c3 
o 
U 

rQ 
1 

<H 
rH 

A 


Chine 




2.C5 


J m 1 


4.39 


5.51 


5.75 


5.S2 


5.32 


5.32 


4.70 


3.3U 


*•* 




3 WL1 




— 








.74 


1.C6 


2.79 


3-53 


1.36 






1 


WL2 
2.97 








.6S 


1.92 


3.40 


5.69 


5.32 


4.53 


4.53 


2.60 


1.42 




WL3 






.62 


2.79 


5.3s 


5.51 


5.45 


5.07 


4.4b 


4.46 
4.0S 


3.16 


2.17 




WX>4 
5-94 


• 7H 


2.60 


U.70 


5.14 


5.26 


5.1U 


4.70 


4.03 


2.79 


1.S6 




T&5 

7.^25 




2.60 


3. Ho 


4.33 


4.70 


4. S3 




4.27 | 3.59 


3-59 


2.29 


1.13 





UM "T: 0 f 1 "" 1 «»nj,er une yviane 01 symmetry; to buttock f section of hull surface m 
vertical plane parallel to the plane of symmetry). 

Di pararei r to bate "Sei* 0 iine ( sectioa of hull surface made by a horizontal 
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Figs. 1,3 




Figure I.- Lines of N.A.C.A. Model 51-A. Volume - 1.092 cu. ft. 




Profile Body plan 



Figure 2.- Lines of N.A.C.A. Model 51-B. Volume » 1.200 cu. ft. 
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Figs. 3,4 




. Typical section 




Body plan 



Figure 3.- Lines of N.A.C.A. Model 51-C. Volume - 1.185 ou. ft. 




Half-breadth 




Profile Body plan 

Figure 4.- Lines of N.A.C.A. Model 51-D. Volume ■ 1.190 cu. ft. 
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Fig. 5 
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Fig. 6(a) 




Figure 6(a) t ~ Model 51-A. Variation of draft and center-of- 

pressure coefficients at rest. Center-of- 
pressure coefficient against load coefficient. 
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Fig. 7(a) 




Figure 7(a).- Model 51-B. Variation of draft and center-of- 

pressure coefficients at rest. Cent er-of -pressure 
coefficient against load coefficient. 
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Fig. 8(a) 




Figure 8(a).- Model ol-C. Variation of iraft and c enter- of - 

pressure coefficients at rest. Center-of-pres sure 
coefficient against load coefficient. 
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pressure coefficients at rest. Draft coefficient 
against load coefficient. 
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Fig. 9(a) 




Figure b(a).- kodel 51-D. Variation of draft and ccnter-of -pressure 

coefficients at rest. Center-of-pressure coefficient 
against load coefficient. 
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Fig. 9(b) 
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Pig. 11 
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Figs. 12,13 




Figure 12.- Comparison of draft coefficients of models of outboard 
floats under way. Trim, 13° • K y , 5. 




Figure 13.- Comparison of draft coefficients of models of outboard 
floats under way. Trim, 9° ; K-* , 8. 
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Fig. 18 





Figure 19.- Comparison of resistance of outboard floats and resulting yawing moment for 
8, 000- pound flying boat. K A , 0.6, £ g , 780 lb. 
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Tig. 22 





Figure 22.- Spray photographs of models of outboard floats. 
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Fig. 2'6 



(a) Circular cross secti 



on. 





("b) Square cress section. 



\ 



z \J 



Arrows show direction of air flow at bow. 
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(c) Rectangular cross section, 
^positive pressure - negative pressure 

Figure 23*- Streamline bodies. 



